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Summary	
  

•  STDT	
  Selec7ons	
  

•  Concept	
  Study	
  goals	
  and	
  deliverables	
  	
  

•  Overall	
  approach	
  	
  

•  Key	
  Study	
  Ques7ons	
  and	
  on-­‐going	
  work	
  

•  Community	
  Input	
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HabEx	
  STDT	
  Selec?on	
  (03/11/16)	
  
	
  

•  “An	
  embarrassment	
  of	
  riches”:	
  88	
  very	
  high	
  profile	
  scien7sts	
  
and	
  technologists	
  applied	
  to	
  the	
  HabEx	
  STDT	
  

	
  

•  Very	
  compe77ve	
  selec7on	
  process	
  led	
  by	
  HQ,	
  in	
  consulta7on	
  
with	
  ExEP,	
  JPL	
  study	
  team	
  and	
  study	
  chairs	
  

	
  

•  Ensure	
  a	
  community	
  led	
  study	
  by	
  maximizing	
  community	
  
membership	
  

•  Ensure	
  some	
  con7nuity	
  with	
  exo-­‐C	
  and	
  	
  
	
  	
  	
  	
  	
  exo-­‐S	
  studies	
  	
  
	
  

•  Ensure	
  a	
  good	
  balance	
  in	
  terms	
  of	
  exper7se	
  between:	
  	
  
–  The	
  various	
  fields	
  of	
  (exo)-­‐planets	
  +	
  disks	
  science	
  and	
  related	
  technology	
  
–  General	
  astrophysics	
  themes	
  enabled	
  by	
  the	
  largest	
  diffrac7on	
  limited	
  op7cal	
  

telescope	
  in	
  space	
  in	
  the	
  2030’s	
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(Current)	
  HabEx	
  Study	
  Team	
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Concept	
  Study	
  Goals	
  and	
  
Deliverables	
  to	
  NASA	
  APD	
  

	
  
•  “Provide	
  a	
  compelling	
  science	
  case	
  iden7fying	
  cri7cal	
  science	
  

ques7ons	
  []	
  to	
  be	
  addressed	
  in	
  the	
  following	
  decades	
  and	
  the	
  
technical	
  parameters	
  necessary	
  to	
  achieve	
  these	
  goals”	
  

	
  

•  Provide	
  mission	
  and	
  observatory	
  performance	
  parameters	
  that	
  
deliver	
  these	
  science	
  capabili7es	
  with:	
  

	
  

–  a	
  DRM	
  including	
  straw-­‐man	
  payload	
  trade	
  studies	
  conducted	
  to	
  arrive	
  at	
  
that	
  mission	
  concept	
  

–  Technology	
  assessments	
  
–  Cost	
  assessment,	
  major	
  technical	
  issues	
  and	
  risk	
  reduc7on	
  plans	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

as	
  a	
  func7on	
  of	
  science	
  capability	
  
–  Top	
  level	
  schedule	
  (and	
  schedule	
  risks)	
  for	
  development	
  phases	
  from	
  

phase	
  A	
  (>	
  FY22)	
  to	
  no7onal	
  launch	
  date	
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Concept	
  Study	
  Goals	
  and	
  
Deliverables	
  to	
  NASA	
  APD	
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Itera?ng	
  from	
  Science	
  Objec?ves	
  	
  
to	
  Mission	
  Requirements	
  and	
  Design	
  

Science	
  Objec*ves	
  
e.g.	
  assess	
  the	
  prevalence	
  of	
  habitable	
  
planets	
  and	
  bio-­‐signatures	
  around	
  
nearby	
  MS	
  stars	
  

Scien*fic	
  Measurements	
  
Requirements	
  

e.g.	
  Number	
  of	
  spectra	
  of	
  earth-­‐sized	
  
planets	
  in	
  HZ	
  

Instrument	
  Func*onal	
  
Requirements	
  

e.g.	
  Contrast,	
  Spectral	
  resolu?on,	
  band-­‐
pass	
  and	
  physical	
  IWA	
  

Instrument	
  and	
  Mission	
  
Design	
  

e.g.	
  Telescope	
  D	
  and	
  T,	
  mission	
  
dura?on,	
  Coronagraph,	
  Starshade	
  

Projected	
  Instrument	
  
Func*onal	
  Performance	
  

Projected	
  Scien*fic	
  
Measurement	
  Performance	
  

Projected	
  Science	
  Yield	
  

*	
  Systems	
  engineering	
  
	
  	
  	
  	
  	
  simula?ons	
  

*	
  Astrophysical	
  Models	
  

*	
  	
  	
  Observa?ons	
  Scheduling	
  
	
  	
  	
  	
  	
  and	
  Signal	
  Extrac?on	
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Itera?ng	
  from	
  Science	
  Objec?ves	
  	
  
to	
  Mission	
  Requirements	
  and	
  Design	
  

Science	
  Objec*ves	
  
e.g.	
  assess	
  the	
  prevalence	
  of	
  habitable	
  
planets	
  and	
  bio-­‐signatures	
  around	
  
nearby	
  MS	
  stars	
  

Scien*fic	
  Measurements	
  
Requirements	
  

e.g.	
  Number	
  of	
  spectra	
  of	
  earth-­‐sized	
  
planets	
  in	
  HZ	
  

Instrument	
  Func*onal	
  
Requirements	
  

1st	
  Itera?on	
  =	
  Educated	
  guess	
  

	
  Instrument	
  and	
  Mission	
  
Design	
  

1st	
  itera?on	
  =	
  Educated	
  guess	
  

Projected	
  Instrument	
  
Func*onal	
  Performance	
  

Projected	
  Scien*fic	
  
Measurement	
  Performance	
  

Projected	
  Science	
  Yield	
  

*	
  Systems	
  engineering	
  
	
  	
  	
  	
  	
  simula?ons	
  

*	
  Astrophysical	
  Models	
  

*	
  	
  	
  Observa?ons	
  Scheduling	
  
	
  	
  	
  	
  	
  and	
  Signal	
  Extrac?on	
  

=	
  



10	
  6/12/16	
   B.	
  Mennesson,	
  ExoPAG	
  presenta7on	
  

Itera?ng	
  from	
  Science	
  Objec?ves	
  	
  
to	
  Mission	
  Requirements	
  and	
  Design	
  

Science	
  Objec*ves	
  
e.g.	
  assess	
  the	
  prevalence	
  of	
  habitable	
  
planets	
  and	
  bio-­‐signatures	
  around	
  
nearby	
  MS	
  stars	
  

Scien*fic	
  Measurements	
  
Requirements	
  

e.g.	
  Number	
  of	
  spectra	
  of	
  earth-­‐sized	
  
planets	
  in	
  HZ	
  

Instrument	
  Func*onal	
  
Requirements	
  

e.g.	
  Contrast,	
  Spectral	
  resolu?on,	
  band-­‐
pass	
  and	
  physical	
  IWA	
  

Instrument	
  and	
  Mission	
  
Design	
  

e.g.	
  Telescope	
  D	
  and	
  T,	
  mission	
  
dura?on,	
  Coronagraph,	
  Starshade	
  

Projected	
  Instrument	
  
Func*onal	
  Performance	
  

Projected	
  Scien*fic	
  
Measurement	
  Performance	
  

Projected	
  Science	
  Yield	
  

*	
  Systems	
  engineering	
  
	
  	
  	
  	
  	
  simula?ons	
  

*	
  Astrophysical	
  Models	
  

*	
  	
  	
  Observa?ons	
  Scheduling	
  
	
  	
  	
  	
  	
  and	
  Signal	
  Extrac?on	
  

<	
  
<	
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Main	
  Concept	
  Study	
  Products	
  

DRM	
  

Technical	
  gaps	
  

Mission	
  Goals	
  
&	
  Science	
  
Parameters	
  

Expected	
  
Scien*fic	
  
Outcome	
  

Cost	
  es*mate,	
  Top	
  level	
  Development	
  Schedule	
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Prac?cal	
  Approach	
  for	
  1st	
  Itera?on	
  
•  Define	
  first	
  cut	
  Exo-­‐Earth	
  Science	
  MUSTs	
  (λ-­‐range,	
  R,	
  S/N,	
  min	
  number	
  of	
  spectra)	
  	
  

•  Iden7fy	
  ~3	
  or	
  4	
  poten7al	
  killer	
  apps	
  for	
  general	
  astrophysics	
  (non-­‐exoplanet)	
  
observa7ons	
  with	
  HabEx	
  

•  Using	
  science	
  yield	
  es7ma7on	
  tools	
  (e.g.	
  ExoSIM),	
  iden7fy	
  basic	
  architectures	
  
(	
  S,	
  C,	
  S+C)	
  and	
  top	
  level	
  requirements	
  (IWA,	
  contrast,	
  aperture	
  size)	
  compa7ble	
  with	
  
defined	
  MUSTs	
  (local	
  minimum	
  OK)	
  

•  Iden7fy	
  proof	
  of	
  concept	
  design	
  compa7ble	
  with	
  top	
  level	
  requirements	
  
•  Assess	
  technical	
  feasibility	
  
•  Study	
  design	
  compa7bility	
  with	
  non-­‐exoplanet	
  science	
  killer	
  apps	
  
•  Iterate	
  

	
  

	
  

Source:	
  Turnbull	
  (2006)	
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  of	
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Part	
  of	
  a	
  much	
  larger	
  list	
  of	
  	
  
Key	
  Science	
  Ques?ons	
  

•  Iden7fied	
  at	
  1st	
  face-­‐to-­‐face	
  mee7ng	
  

	
  

	
  

14	
  

Responsible*
Role Impact Urgency

Define&Exoplanet&Science&Requirements STDT
Define&exoplanet&science&goals&and&objectives STDT

Is&Habex&a&stand>alone&mission&or&a&step&in&an&integrated&ground>space&campaign&plan? STDT H H
If&a&campaign,&what&is&the&plan? STDT H H

Will&we&do&eta&habitable&and&then&do&eta&earth&later,&or&all&in&one&mission? STDT same&Q&as&above

STDT already&known
Determine&how&habitability&can&be&observed STDT H H

Determine&which&biomarkers&indicate&habitability STDT
Determine&which&biomarkers&indicate&inhabitance STDT
Assess&how&biomarkers&might&change&as&&a&habitable&planet&evolves STDT
Determine&the&impact&of&planet&size&on&habitability STDT
Determine&the&impact&of&gravity&on&habitability STDT
Determine&the&impact&of&clouds&and&haze&on&habitability STDT
Determine&the&impact&of&radiation&on&habitability STDT

Determine&exoplanet&observational&approaches STDT
Determine&which&biomarkers&need&to&be&measured STDT
Determine&what&precursor&(if&any)&measurements&are&needed. STDT
Determine&what&can&be&measured&from&the&ground&and&what&must&be&measured&from&space. STDT
Determine&how&to&observe&binary&systems STDT
Determine&how&to&observe&multi>planet&systems STDT
Determine&how&to&address&unresolved&background&objects STDT
Determine&how&to&measure&target&star&variability STDT
Define&if&and&how&orbits&will&be&measured STDT
Define&if&and&how&mass&will&be&measured STDT

Map&goals/objectives&to&observations& STDT
Establish&baseline&mapping&of&goals/objectives&to&observations STDT
Evaluate&observation&sensitivities&to&changes&in&precursor&RV&assumptions STDT

STDT
Define&exoplanet&HZ&spectral&requirements& STDT

Define&observational&freq&range STDT
Define&required&spectral&resolution STDT

Assess&trade&on&resolution&and&starlight&suppression&(WFIRST&is&doing) STDT
Define&minimum&number&of&spectrally&characterized&HZ&earths STDT
Define&IWA&requirement STDT
Define&SNR&requirement STDT
Determine&if&polarization&is&needed.&If&so&define&the&requirement. STDT
Define&OWA&or&FOV&for&high&contrast&imaging STDT

Define&other&exoplanet&observational&requirements STDT
Define&HZ&imaging&observational&requirements STDT
Define&non>HZ&imaging&and&spectral&observational&requirements STDT
Define&Disk&imaging&and&spectral&observational&requirements STDT
Determine&if&polarization&is&needed&or&not. STDT

Define&other&observational&requirements STDT
Define&non>Exoplanet&frequency&requirements STDT
Define&non>Exoplanet&FOV&requirements STDT
Define&other&non>Exoplanet&requirements STDT

Establish&key&parameter&definitions STDT
Define&eta&Earth STDT
Determine&if&eta&Habitable&needed.&If&so&define&eta&Habitable STDT
Define&HZ STDT
Define&Earth>sized STDT
Define&other&planet&categories STDT

Identify&tradespace&constraints. STDT
Establish&the&Exoplanet&science&floor STDT

STDT

STDT
Establish&the&mission&cost&constraint.&Capture&the&rationale. STDT

Evaluate&likely&development&schedule/funding&available STDT
Evaluate&possible&foreign&participation STDT

Establish&the&mission&new&technology&constraint.&Capture&the&rationale. STDT
STDT

Establish&any&launch&vehicle&constraints.& STDT
Define&exoplanet&architecture&options STDT

Agree&on&the&trade&methodology STDT

STDT

STDT
STDT

STDT
Develop&trade&tools&(cost,&mass,&performance) Design&Team
Brainstorm&on&different&architectures&to&explore All

All

Design&Team
Define&Coronagraph/telescope&systems&to&trade STDT

Assess&costs&and&risks&for&each&option Design&Team
Shorten&list&based&on&costs&and&technical&risks&outside&of&constraints All

Design&Team
Shorten&list&by&removing&options&where&HZ&performance&outside&of&constraints All
Identify&additional&trade&risks All

Trade&exoplanet&options&>>&agree&on&the&baseline&architecture STDT
Define&Interim&Report&Proof&of&Concept&design Design&Team

Identify&Placeholder&Coronagraph&and&General&Astrophysics&instruments STDT
Develop&contrast&stability&models.& Design&Team

Verify&stability&models&against&lab&performance Design&Team
Develop&the&error&budgets Design&Team
Review&and&confirm&observational&requirements All
Develop&Performance&Requirements Design&Team
Develop&notional&coronagraph&design Design&Team

Produce&optical&layout Design&Team
Produce&mechanical&layout Design&Team
Conduct&bandpass&trade Design&Team
Conduct&detector&trades Design&Team
Conduct&Contrast>FOV/DM&trade Design&Team
Develop&the&FSM&pointing&control&system Design&Team

Develop&rough&secondary&instrument&design&(possibly&through&Team&X) Design&Team
Develop&Telescope&design Design&Team

Finalize&aperture&size,&mirror&material&decisions Design&Team
Contrast/f#&trade Design&Team
Determine&if&laser&metrology&(PM&to&SM)&is&needed&to&meet&contrast&requirements Design&Team
Determine&telescope&operating&temperature Design&Team
Finalize&optical&layout Design&Team
Verify&that&coronagraph&FOV&can&take&pointing&control&from&startracker& Design&Team
Develop&thermal&design Design&Team
Develop&metering&structure Design&Team
Develop&other&telescope&structural&elements Design&Team
Preliminary&thermal&and&mechanical&modeling&including&STOP&modeling Design&Team

Develop&starshade&design Design&Team
Finalize&starshade&sizing Design&Team
Perform&deployment&method&trade&(may&be&able&to&leverage&SSWG) Design&Team
Perform&petal&optical&design&trade Design&Team
Perform&spin/3>axis&trade Design&Team
Perform&bi>prop/SEP&trade Design&Team
Finalize&optical&design Design&Team
Update&petal&design Design&Team
Update&perimeter&truss&design Design&Team
Develop&hub&design Design&Team
Develop&solar&array&design Design&Team

Develop&formation&flying&approach Design&Team
Modify&coronagraph&design&to&support&formation&flying Design&Team
Design&control&loops Design&Team
Modify&spacecraft&design&to&support&formation&flying Design&Team

Develop&Telescope&and&starshade&spacecraft&designs&(possibly&through&Team&X) Design&Team
Verify&that&mass,&power,&data&and&other&design&resources&close&with&sufficient&margins Design&Team

Develop&Interim&DRM Design&Team
Determine&star&list&(include&distance,&magnitude,&spectral&types,&and&ages&of&target&stars) STDT
Determine&exoplanet&categories STDT
Assess&integration&times&required&for&each&exoplanet&category&target STDT
Determine&target&priorities STDT
Establish&a&placeholder&GA&time&allocation&for&the&interim&design STDT
Develop&starshade&DRM&based&on&target&path&method Design&Team
Develop&coronagraph&DRM Design&Team
Combine&starshade&and&coronagraph&DRMs&for&exoplanet&DRM Design&Team
Assess&GA&science&yield&for&notional&time&allocation STDT

Develop&Technology&Gap&Material Design&Team
Update&technology&gap&list&for&any&new&gaps&based&on&architecture&selected Design&Team
Define&current&TRL&for&all&gaps Design&Team
Define&TRL&5&and&TRL&6&for&all&gaps Design&Team

Design&Team
Design&Team

Estimate&the&tasks&and&costs&needed&to&close&all&open&technology&gaps. Design&Team
Write&draft&technology&plan Design&Team
Have&an&indepented&technology&review&team&review&the&HabEx&technology&plan Design&Team
Incorporate&independent&review&recommendations&into&the&HabEx&plan Design&Team
Write&final&technology&plan Design&Team

Support&Interim&CATE Design&Team
Brief&CATE&on&preferred&architecture Design&Team
Review&CATE&concerns Design&Team
Modify&design&to&mitigate&CATE&concerns&if&possible Design&Team
Prepare&specific&briefings&on&CATE&concern&area& Design&Team
Brief&CATE&on&concern&areas Design&Team
Assemble&CATE&input&information Design&Team
Review&CATE&initial&Interim&estimate Design&Team
Reply&to&CATE&on&discrepancies Design&Team
Review&official&CATE&Interim&estimate Design&Team

Prepare&Interim&Report STDT
Write&drafts&of&the&Interim&Report All
Develop&graphics Design&Team
Develop&cover&art Design&Team
Edit&interim&report&drafts All
Circulate&draft&report&to&key&JPL&people&for&input Design&Team
Write&final&version&of&the&Interim&Report All
Develop&presentation&summarizing&the&Interim&Report All
Review&presentation&and&report&with&ExEP STDT
Deliver&presentation&and&interim&report&to&APD STDT
Post&presentation&and&report&on&ExEP&website Design&Team

Final&Architecture&Trades Design&Team
Identify&design&changes&needed&based&on&Interim&CATE All
Incorporate&CATE&changes&into&the&design Design&Team
Define&coronagraph&architecture&options STDT

Agree&on&the&trade&methodology STDT
Determine&"goodness"&measure&of&the&coronagraph&performance&(contrast,&IWA,&throughput,&etc.) STDT
Set&coronagraph&performance&floor&(IWA,&contrast,&throughput),&mass&and&any&other&constraints STDT

Design&Team
Define&Coronagraph&systems&to&examine Design&Team

Assess&costs&and&technical&risks&for&each&option Design&Team
Model&performance&of&each&option Design&Team
Identify&other&risks All

Trade&coronagraph&options&>>&agree&on&the&baseline&architecture All
Define&general&astrophysics&instrument&options STDT

Agree&on&the&trade&methodology STDT
Determine&"science&value"&measure&across&all&possible&payload&options. STDT

STDT
Define&instruments&to&examine STDT

assess&"science&value"&for&each&instrument STDT
Assess&costs&and&technical&risks&for&each&option Design&Team
Identify&other&risks All

Trade&GA&instruments&>>&agree&on&final&payload All
Update&coronagraph&design&for&final&architecture Design&Team
Perform&STOP&modeling&on&final&system Design&Team
Update&spacecraft&design&with&final&coronagraph&and&other&instruments Design&Team
Verify&mass,&power,&data&and&other&design&resources&close&with&sufficient&margins Design&Team

Develop&Final&DRM Design&Team
Verify/update&star&list Design&Team
Update&exoplanet&categories STDT
Verify&integration&times&required&for&each&exoplanet&category&target STDT
Determine&target&priorities STDT
Establish&a&final&GA&time&allocation&for&the&Final&design STDT
Develop&starshade&DRM&based&on&target&path&method Design&Team
Develop&coronagraph&DRM Design&Team
Combine&starshade&and&coronagraph&DRMs&for&exoplanet&DRM Design&Team
Assess&GA&science&yield&for&final&time&allocation STDT

Support&Final&CATE Design&Team
Assemble&CATE&input&information Design&Team
Review&CATE&initial&Final&estimate Design&Team
Reply&to&CATE&on&discrepancies Design&Team
Review&official&CATE&Final&estimate Design&Team

Prepare&Final&Report STDT
Write&drafts&of&the&Final&Report All
Develop&graphics Design&Team
Update&cover&art Design&Team
Edit&Final&Report&drafts All
Circulate&draft&report&to&key&JPL&people&for&input Design&Team
Write&final&version&of&the&Final&Report All
Develop&presentation&summarizing&the&Final&Report All
Review&presentation&and&report&with&ExEP STDT
Deliver&presentation&and&Final&report&to&APD STDT
Deliver&Final&report&to&National&Academies STDT
Brief&the&CAA STDT
Post&presentation&and&report&on&ExEP&website Design&Team

Establish&a&mission&lifetime&constraint&(minimum&and&maximum).&

Will&Habex&do&HZ&detection&only&(leaving&characterization&for&a&later&mission)&or&both&detection&and&
&&&characterization?

HabEx*Study*Tasks

Determine&"goodness"&measure&for&general&astrophysics&science.

Describe&each&candidate&option&(HLC,&size&DMs,&etc.)

Describe&each&instrument&option&

Map&currently&funded&technology&tasks&to&gap&lists.&Identify&planned&TRL&achievement&dates&based&on&these
&&&funded&tasks&for&each&gap.

Identify&unfunded&gaps&and&gaps&that&do&not&reach&TRL&5&and&TRL&6&by&the&HabEx&need&date.

List&possible&technology&developments&needed&for&candidate&architectures&
&&&(Coronagraph,&starshade,&telescope,&pointing&control,&UV&coatings&etc.)

Model&performance&of&each&option&(very&preliminary&STOP&modeling&and&yield&assessments)

Describe&each&candidate&option&(aperture&diameter,&on/off&axis,&segmented/non>segmented,&#&of&
&&&starshades,&#&and&type&of&instruments,&foreign&partnerships,&etc.)

Determine&"goodness"&measure&of&the&non>HZ&science&(#&of&HZ&spectra,&#&for
&&&exoplanet&spectra,&#&of&disk&spectra,&#&of&visits,&#&of&detections,&etc.)

Determine&"goodness"&measure&of&the&HZ&science&(#&of&HZ&spectra,&
&&&#&of&visits,&#&of&detections,&etc.)

Set&HZ&performance&floor&(freq&range,&R,&#&of&spectra),&cost,&risk&and&any
&&&&other&constraints

Evaluate&observation&sensitivities&to&changes&in&RV&and&astrometry&mass&measurement&assumptions

Assess&ELT&and&developing&space&mission&exoplanet&capabilities&in&the&
&&&timeframe&of&a&HabEx&launch&(~2035)
Decide&on&the&improvement&over&expected&2035&capability&needed&to&justify&
&&&the&mission.&Capture&the&rationale.

•  Can	
  planet	
  masses	
  be	
  determined	
  in	
  advance,	
  concurrently	
  or	
  aYer	
  
HabEx	
  for	
  science	
  enhancement?	
  (Gaudi)	
  

•  Should	
  HabEx	
  include	
  an	
  RV	
  precursor	
  obs	
  program	
  as	
  an	
  integral	
  part	
  
of	
  the	
  mission?	
  (Gaudi)	
  

•  How	
  to	
  establish	
  that	
  a	
  planet	
  is	
  rocky?	
  (Rogers,	
  Robinson)	
  
•  How	
  well	
  can/	
  shall	
  orbital	
  parameters	
  be	
  constrained	
  from	
  direct	
  

imaging	
  measurements?	
  (Cahoy)	
  
•  What	
  defines	
  habitability	
  and	
  what	
  are	
  the	
  corresponding	
  observa?onal	
  

requirements?	
  (Robinson,	
  Turnbull)	
  
•  What	
  are	
  the	
  MUSTs	
  and	
  WANTs	
  to	
  be	
  able	
  to	
  look	
  for	
  bio-­‐signatures	
  

(λ-­‐range,	
  R,	
  S/N	
  ;	
  	
  Domagal-­‐Goldman)	
  
•  Exoplanet	
  discovery	
  and	
  characteriza?on:	
  what	
  are	
  the	
  expected	
  

synergies	
  between	
  ground	
  and	
  space	
  by	
  2035?	
  (Guyon,	
  Mawet)	
  
•  What	
  are	
  the	
  basic	
  defini?ons	
  for	
  Earth-­‐like,	
  habitable,	
  biosignature,	
  

eta_Earth,	
  HZ,	
  “in”	
  the	
  HZ	
  ?	
  (Robinson,	
  Turnbull)	
  
•  What	
  is	
  the	
  minimum	
  number	
  of	
  “bona	
  fide”	
  exo-­‐Earth	
  spectra	
  required	
  

for	
  success?	
  (All)	
  
•  What	
  are	
  the	
  non-­‐exoplanet	
  science	
  killer	
  apps	
  of	
  HabEx	
  and	
  what	
  are	
  

the	
  associated	
  instrument	
  requirements?	
  (Somerville,	
  Scowen	
  &	
  Stern)	
  	
  
•  Are	
  these	
  compa?ble	
  with	
  the	
  habitable	
  exoplanet	
  top	
  level	
  science	
  

goals?	
  	
  
•  What	
  drives	
  the	
  high	
  contrast	
  OWA	
  requirement?	
  (Stapelfeldt)	
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Establishing	
  MUSTs	
  and	
  WANTs	
  	
  
for	
  biosignatures	
  (led	
  by	
  Shawn	
  D.-­‐G.,	
  preliminary)	
  

	
  
	
  

	
  

Source:	
  Turnbull	
  (2006)	
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•  What	
  we	
  could	
  say	
  for	
  a	
  mission	
  from	
  0.4(*)	
  to	
  1.0	
  µm	
  @	
  R=70:	
  	
  
“We	
  found	
  the	
  presence	
  of	
  water	
  and	
  biosignature	
  gases	
  (O2	
  and	
  O3)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
on	
  that	
  planet,	
  but	
  did	
  not	
  search	
  for	
  abio7c	
  sources	
  of	
  those	
  gases.”	
  

•  For	
  a	
  mission	
  that	
  goes	
  out	
  to	
  1.7	
  µm	
  	
  
“We	
  found	
  the	
  presence	
  of	
  biosignature	
  gases	
  (O2	
  and	
  O3)	
  on	
  that	
  planet,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
found	
  addi7onal	
  H2O	
  features,	
  and	
  searched	
  for	
  signs	
  	
  (CO2,	
  CO,	
  O4,	
  pressure)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
that	
  these	
  gases	
  were	
  created	
  by	
  abio7c	
  processes.”	
  

•  For	
  a	
  mission	
  that	
  goes	
  out	
  to	
  ≥	
  2.5	
  µm	
  	
  
	
  	
  	
  	
  	
  	
  	
  “We	
  found	
  the	
  presence	
  of	
  biosignature	
  gases	
  (O2	
  and	
  O3)	
  on	
  that	
  planet,	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  secondary	
  features	
  	
  (CH4
(*)	
  )	
  inconsistent	
  with	
  abio7c	
  processes.”	
  

	
  

	
   Turnbull	
  (2006)	
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Establishing	
  General	
  Astrophysics	
  Science	
  goals	
  	
  
and	
  associated	
  instrument	
  requirements	
  

(Scowen	
  +	
  COPAG	
  members	
  inputs,	
  Somerville	
  &	
  Stern;	
  preliminary)	
  	
  	
  

•  Engage	
  the	
  community	
  to	
  help	
  iden7fy	
  3-­‐4	
  killer	
  apps	
  for	
  a	
  2035	
  mission,	
  e.g.:	
  
•  Improve	
  our	
  understanding	
  of	
  galaxy	
  leakiness	
  and	
  reioniza7on	
  

–  How	
  much	
  H-­‐ionizing	
  LyC	
  radia7on	
  escapes	
  from	
  SF	
  galaxies	
  as	
  a	
  func7on	
  of	
  redshiv	
  (z<	
  3.5)	
  and	
  mass?	
  à	
  
UV	
  MOS	
  1000	
  -­‐	
  4000	
  Å	
  

–  Likely	
  to	
  remain	
  an	
  open	
  Ques7on	
  by	
  the	
  end	
  of	
  HST’s	
  life7me	
  
–  Requires	
  high	
  spa7al	
  R	
  to	
  mi7gate	
  foreground	
  contamina7on	
  
–  Would	
  exploit	
  HabEx	
  poten7al	
  for	
  much	
  higher	
  UV	
  throughput	
  and	
  
	
  	
  	
  	
  	
  	
  	
  	
  detector	
  QE	
  than	
  HST,	
  	
  and	
  for	
  parallel	
  deep	
  field	
  observa7ons	
  
	
  

•  Probe	
  the	
  CGM	
  and	
  the	
  baryons	
  life	
  cycle	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
using	
  high	
  R	
  far	
  UV	
  spectroscopy	
  of	
  low	
  z	
  galaxies	
  
–  How	
  do	
  gas	
  and	
  metals	
  cycle	
  in	
  and	
  out	
  of	
  galaxies?	
  

•  Galaxy	
  evolu7on,	
  including	
  stellar	
  and	
  AGN	
  feedback:	
  	
  
–  HabEx	
  op7cal/	
  NIR	
  observa7ons	
  will	
  allow	
  unique	
  morphology	
  studies,	
  resolved	
  spectroscopy	
  and	
  high	
  

dynamic	
  range	
  studies	
  	
  
–  Help	
  understand	
  how	
  “small	
  scale”	
  physics	
  and	
  global	
  galaxy	
  proper7es	
  are	
  connected	
  
	
  

•  GA	
  may	
  level	
  requirements	
  on	
  the	
  architecture	
  	
  
–  If	
  jus7fied	
  by	
  killer	
  app	
  and	
  compa7ble	
  with	
  top	
  exoplanet	
  science	
  goals	
  and	
  preferred	
  architecture	
  

	
  
	
  

16	
  

J.	
  Werk	
  et	
  al.	
  2014	
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Science	
  Community	
  Contribu?ons	
  

17	
  

•  High	
  interest	
  in	
  organizing/	
  funneling	
  contribu7ons	
  beyond	
  STDT	
  per	
  se	
  
•  Please	
  contact	
  chairs	
  Sara	
  Seager	
  &	
  Scoz	
  Gaudi,	
  or	
  individual	
  STDT	
  members	
  

COPAG	
  

ExoPAG	
  

Other	
  
Interested	
  
Par7es	
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Leveraging	
  past	
  &	
  current	
  SAGs	
  work	
  	
  
and	
  other	
  key	
  community	
  studies	
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•  Knowledge	
  of	
  exozodi	
  (Mennesson,	
  Stapelfeldt)	
  
•  SAG	
  1:	
  Debris	
  Disks	
  and	
  Exozodiacal	
  Dust	
  (Roberge	
  et	
  al.)	
  	
  
•  Observa7onal	
  Data	
  (Spitzer,	
  KI,	
  LBTI,	
  VLTI,	
  CHARA)	
  

	
  
•  Exo-­‐Earth	
  direct	
  imaging	
  and	
  spectroscopy	
  Reqts	
  	
  (Domagal	
  Goldman,	
  Seager,	
  Robinson)	
  

•  SAG	
  5:	
  Exoplanet	
  flagship	
  requirements	
  and	
  characteris7cs	
  (Noecker,	
  Greene	
  et	
  al.	
  )	
  	
  
•  SAG	
  16:	
  Exoplanet	
  Biosignatures	
  (Domagal-­‐Goldman	
  et	
  al.)	
  	
  
•  Check	
  SAG	
  2	
  results	
  on	
  possible	
  impact	
  of	
  solar	
  system	
  measurements	
  

•  Impact	
  of	
  RV	
  observa7ons	
  (precursor	
  or	
  post-­‐mission,	
  Gaudi)	
  
•  SAG	
  8:	
  requirements	
  and	
  limits	
  of	
  future	
  precision	
  RV	
  measurements	
  (Latham,	
  Plavchan	
  et	
  al.)	
  
•  Fischer	
  et	
  al	
  2015	
  PASP	
  report	
  

•  Impact	
  of	
  astrometric	
  observa7ons	
  (precursor	
  or	
  post-­‐mission,	
  Guyon,	
  Kasdin)	
  
•  SAG	
  12:	
  Scien7fic	
  poten7al	
  and	
  feasibility	
  of	
  high-­‐precision	
  astrometry	
  for	
  exoplanet	
  detec7on	
  and	
  

characteriza7on	
  (Bendek	
  et	
  al.)	
  

•  Exoplanet	
  occurrence	
  rates	
  (Rogers,	
  Mawet,	
  Gaudi)	
  
•  SAG	
  13:	
  Exoplanet	
  Occurrence	
  Rates	
  and	
  Distribu?ons	
  (Belikov	
  et	
  al.)	
  
•  Final	
  Kepler	
  team	
  es7mates	
  to	
  come	
  in	
  2017	
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  Leveraging	
  past	
  &	
  current	
  SAGs/SIGs	
  work	
  	
  
and	
  other	
  key	
  community	
  studies	
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•  Characteriza7on	
  of	
  target	
  sample/	
  mul7plicity	
  (Turnbull,	
  Stapelfeldt)	
  
•  SAG	
  14:	
  Characteriza7on	
  of	
  stars	
  targeted	
  for	
  NASA	
  exoplanet	
  missions	
  (Keivan	
  Stassun	
  et	
  al.)	
  

•  Science	
  Drivers	
  for	
  non	
  Exo-­‐Earth	
  planets	
  (Robinson,	
  Rogers)	
  
•  SAG	
  15:	
  Exploring	
  other	
  worlds:	
  observa7onal	
  constraints	
  and	
  science	
  requirements	
  for	
  direct	
  imaging	
  

exoplanet	
  missions	
  (Daniel	
  Apai	
  et	
  al.)	
  	
  
	
  

•  Op7miza7on	
  of	
  High	
  Contrast	
  Direct	
  Imaging	
  Architectures	
  
•  TPF-­‐C,	
  exo-­‐S,	
  exo-­‐C	
  reports	
  (and	
  ES),	
  Theia	
  proposal,	
  etc	
  
•  Proposed	
  SAG	
  18:	
  Metrics	
  for	
  direct	
  imaging	
  with	
  Starshades	
  (T.	
  Glassman)	
  
•  Proposed	
  SAG	
  19:	
  Metrics	
  for	
  direct	
  imaging	
  with	
  Coronagraphs	
  (D.	
  Mawet)	
  

•  General	
  astrophysics	
  science	
  drivers	
  in	
  the	
  UV-­‐Visible	
  (Scowen,	
  Somerville,	
  Stern)	
  
•  COPAG	
  SIG2:	
  UV	
  Visible	
  astronomy	
  from	
  space	
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STDT	
  Telecons	
  and	
  Mee?ngs	
  

•  Weekly	
  STDT	
  Telecons:	
  Mondays	
  1pm	
  PT/	
  4pm	
  ET	
  
•  hzps://ac.arc.nasa.gov/HabEx	
  
•  Non	
  STDT	
  members	
  welcome	
  to	
  listen	
  in.	
  Email	
  ques7ons	
  and	
  comments	
  

relevant	
  to	
  telecon	
  discussions	
  to	
  seager@mit.edu	
  or	
  gaudi.1@osu.edu	
  

•  Next	
  face-­‐to-­‐face	
  STDT	
  mee7ng:	
  August	
  3-­‐4	
  in	
  Pasadena	
  
•  Contact	
  bertrand.mennesson@jpl.nasa.gov	
  	
  to	
  azend	
  in	
  person	
  
•  In	
  person	
  azendance	
  will	
  be	
  capped	
  to	
  50	
  people	
  
•  Remote	
  par7cipa7on	
  at	
  hzps://ac.arc.nasa.gov/HabEx	
  
	
  

•  News	
  and	
  relevant	
  material	
  at	
  www.jpl.nasa.gov/habex	
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BACK-­‐UP	
  SLIDES	
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HabEx	
  Science	
  Goals	
  and	
  Concept	
  
	
  

•  Primary	
  Goal	
  Requires	
  a	
  large	
  ultra-­‐stable	
  space	
  telescope	
  with	
  a	
  
unique	
  combina7on	
  of	
  	
  
–  Very	
  high	
  spa7al	
  resolu7on	
  (<	
  30	
  mas)	
  and	
  dynamic	
  range	
  (~1010)	
  	
  
–  High	
  sensi7vity	
  /	
  exquisite	
  detectors	
  in	
  the	
  op7cal	
  (possibly	
  UV	
  and	
  NIR)	
  

	
  

•  Such	
  a	
  facility	
  will	
  necessarily	
  also	
  provide	
  excep7onal	
  capabili7es	
  
for	
  
–  Characterizing	
  full	
  planetary	
  systems,	
  including	
  rocky	
  planets,	
  “water	
  worlds”,	
  gas	
  

giants,	
  ice	
  giants,	
  inner	
  and	
  outer	
  dust	
  belts	
  	
  
–  Conduc7ng	
  planet	
  forma7on	
  and	
  evolu7on	
  studies	
  
–  Star	
  forma7on	
  and	
  evolu7on	
  studies	
  
–  Studying	
  the	
  forma7on	
  and	
  evolu7on	
  of	
  galaxies	
  
–  Other	
  general	
  Astrophysics	
  applica7ons	
  

•  STDT	
  will	
  direct	
  design	
  team	
  to	
  explore	
  key	
  trades	
  (λ,	
  D,	
  FoV,	
  R)	
  
–  For	
  the	
  primary	
  science	
  goal	
  and	
  for	
  non-­‐exoplanet	
  studies	
  (secondary	
  payload(s))	
  	
  

	
   22	
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Why	
  do	
  we	
  need	
  a	
  concept	
  study?	
  	
  
•  Need	
  to	
  fold	
  in	
  recent	
  advancements	
  in	
  scien7fic	
  knowledge	
  and	
  

high	
  contrast	
  imaging	
  technology:	
  
–  Only	
  recently	
  have	
  the	
  Kepler	
  results	
  started	
  to	
  constrain	
  η_Earth	
  	
  
–  Final	
  analysis	
  of	
  Kepler	
  	
  results	
  and	
  η_Earth	
  value	
  to	
  come	
  mid	
  2017	
  
–  New	
  powerful	
  post-­‐processing	
  techniques	
  for	
  high	
  contrast	
  imaging	
  (HST/	
  Ground)	
  
–  More	
  advanced	
  laboratory	
  /field	
  demonstra7ons	
  of	
  internal	
  coronagraphs	
  and	
  starshade	
  

technology	
  over	
  the	
  last	
  5	
  years	
  

	
  
	
  
	
  
	
  
	
  

	
  

•  Exo-­‐C	
  and	
  Exo-­‐S	
  probes	
  were	
  targeted	
  at	
  $1B	
  
–  HabEx	
  Concept	
  study	
  will	
  aim	
  to	
  understand	
  how	
  to	
  scale	
  up	
  and	
  build	
  up	
  on	
  these	
  studies	
  

	
  

High-­‐Contrast	
  	
  
Imaging	
  

Deployable	
  
Starshades	
  

Coronagraph	
  
Masks	
  

8x10-­‐9	
  average	
  	
  
Raw	
  contrast	
  

WFIRST-­‐like	
  aperture	
  broad-­‐band	
  lab	
  demos	
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Status	
  of	
  Study	
  Office	
  Team	
  
	
  

•  Core	
  Team	
  being	
  built	
  as	
  we	
  speak,	
  but	
  most	
  key	
  roles	
  already	
  filled:	
  
–  K.	
  Warfield	
  (Study	
  Manager),	
  B.	
  Mennesson	
  (Study	
  Scien7st),	
  	
  
–  G.	
  Kuan	
  (Lead	
  Systems	
  Engineer),	
  S.	
  Mar7n	
  (Lead	
  Instrument	
  Engineer)	
  
–  S.	
  Shaklan	
  and	
  D.	
  Lisman	
  (Coronagraph	
  and	
  Starshade	
  Technology),	
  	
  
–  P.	
  Stahl	
  (MSFC,	
  Op7cal	
  Design	
  and	
  Development)	
  
–  R.	
  Morgan	
  (Science	
  Yield	
  Es7ma7on)	
  
–  Possible	
  addi7onal	
  contracts	
  to	
  support	
  science	
  yield	
  calcula7ons	
  and	
  assess	
  impact	
  of	
  prior	
  high	
  precision	
  RV	
  

measurements	
  

•  Developing	
  plan	
  to	
  maximize	
  the	
  efficiency	
  of	
  engaging	
  with	
  
–  LUVOIR	
  Team	
  (monthly	
  telecons/	
  share	
  and	
  exchange	
  engineering	
  resources)	
  
–  Exis7ng	
  Projects	
  /	
  Missions	
  (WFIRST-­‐CGI	
  tech	
  developments,	
  Kepler	
  &	
  LBTI	
  findings)	
  
–  ExEP	
  appointed	
  Exoplanet	
  Standard	
  Defini7on	
  and	
  Evalua7on	
  Team,	
  StarShade	
  Readiness	
  Working	
  Group	
  

(SSWG),	
  Segmented	
  Aperture	
  Design	
  and	
  Analysis	
  Group	
  (APD	
  funded	
  in	
  FY16)	
  
–  Industry	
  partners:	
  host	
  HabEx	
  “Industry	
  Day”	
  early	
  in	
  the	
  study	
  
	
  

•  Preparing	
  for	
  delivery	
  of	
  concept	
  study	
  deliverables	
  to	
  HQ	
  
–  Comments	
  on	
  study	
  requirements	
  and	
  deliverables,	
  due	
  April	
  29,	
  2016	
  
–  Deliver	
  ini7al	
  technology	
  gaps	
  for	
  inclusion	
  in	
  ExEP,	
  SAT/TDEM,	
  and	
  APRA	
  Proposal	
  Cycles,	
  due	
  June	
  30,	
  2016	
  
–  Detailed	
  3	
  year	
  study	
  plan	
  and	
  schedule	
  of	
  MS	
  delivery,	
  August	
  26,	
  2016	
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HabEx	
  Science	
  Goals	
  	
  
and	
  Concept	
  

•  Overall	
  Concept	
  is	
  open	
  and	
  to	
  be	
  defined	
  by	
  STDT	
  	
  
	
  	
  	
  	
  	
  with	
  support	
  from	
  the	
  study	
  office	
  

–  Many	
  design	
  op7ons	
  a	
  priori	
  possible	
  (on/off	
  axis	
  telescope,	
  segmented	
  or	
  not,	
  internal	
  
coronagraph	
  and/or	
  external	
  starshade)	
  

	
  

•  Primary	
  science	
  goal:	
  search	
  for	
  and	
  characterize	
  poten7ally	
  
habitable	
  worlds	
  

	
  

–  Characterize	
  Earth-­‐sized	
  planets	
  in	
  the	
  HZ	
  of	
  	
  
	
  	
  	
  	
  	
  	
  nearby	
  stars	
  via	
  direct	
  detec7on	
  and	
  spectro-­‐	
  
	
  	
  	
  	
  	
  	
  scopic	
  analysis	
  of	
  their	
  reflected	
  starlight	
  
–  Understand	
  the	
  atmospheric	
  and	
  surface	
  	
  
	
  	
  	
  	
  	
  	
  condi7ons	
  of	
  those	
  exoplanets	
  
–  Specifically,	
  search	
  for	
  water	
  and	
  bio-­‐signature	
  
	
  	
  	
  	
  	
  	
  gases	
  on	
  those	
  exoplanets	
  
–  Search	
  for	
  signs	
  of	
  habitability	
  and	
  bio	
  ac7vity	
  
	
  	
  	
  	
  	
  	
  in	
  non-­‐Earth-­‐like	
  exoplanets	
  
	
  
	
  

	
  

O2	
  &	
  O3	
  have	
  features	
  in	
  UV,	
  vis,	
  IR	
  

Source:	
  Turnbull	
  (2006)	
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Telescope	
  	
  
Diameter	
  (m)	
  

	
  λ (µm)	
  2.4	
  

4	
  

6.5	
  

8	
  

1	
   10	
  0.1	
  

Exoplanets	
  HCI	
   GA	
  


